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USE OF A BRAIN NATRIURETIC PEPTIDE fBNP> FOR THF 
TREATME NT OF STATURE DISORDERS RELATED TO THE SHORT 
STATURE HOMEOBOX-CQNTAINING rSHQXl GENE 



ITiis invention relates to the use of a brain ratriuretic peptide (BMP) for the 
preparation of phamiaceutical compositions for the treatment of patients with short 
10 stature disorders related to the Short Stature Homeobox-containinB gene (SlIOX 
gene). More particularly, the invention relates to the use of BNP in combination with 
a growth protein and/or a SIIOX protein for the ireatmcnl of a SHOX gene disorder, 
especially for the increasing or stimulating of human growth. 

15 Ihc Short Stature Ilomcobox-containing (SIIOX) gene is described in WO 

98/14568. The SHOX gene is located in the pseudoaulosomal region (PARI) on the 
short arm oflhe X chromosome (Xp22.3) and Y chromosome (Ypl 1 .3). Oclction or 
mutation oflhe SIIOX gene has been found in a number of patients with .short 
stature, cither idiopathic, or associated with I.eri-Wcill syndmme. Dcllcieney of the 
product of the SIIOX gene is believed to be the underlying cause of growth 
impairment in patients with Turner ^mdrome. 



20 



fumer .syndrome is one of the most common genetic disorders with a prevalence of 
approximately 1 in 2500 livebom females. One of the eanlinal features is extreme 

25 short stature of more than 20 cm below the mean height of healthy adult women- 

Mean adult height of women with Turner syndrome ranges between 136.7 cm 
(Japan) and 146.9 cm (Germany). Most subjects suffer from gonadal dysgenesis with 
only a small percentage pa.ssing through puberty nonmlly. In addhion. many subjects 
show characteristic dy.smorphic features with variable phcnotypic penetrance, such as 

30 broad chest with widely .spaced nipples, low posterior hairline, webbed neck, 
lymphedema, hypcrconvex nails,, and multiple cutaneous nevi. Renal and cardiac 
detects are aI.so common. A number of skeletal abnormalities found in patients with 
fumer syndrome may be associated with reduced SIIOX expres.sion during 
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cmbryogcncsis such as abnomal lowcr-to-uppcr leg/arm ratio (90%), micrognaihia 
(60%), cubitus valgus (45%), high-arched palate (35%), short metacarpals (35%). 
genu valgum (30%). scoliosis (12%), and Madelung deformity (7%). 

Brain natriuretic peptides (BNP) known froni various origins, such as human, avian 
bovine or porcine origin, arc peptides which are known to be a rcgubitor of 
natriurcsis and vasodilation. 

The growth hormones from man and from the common domestic animals arc proteins 
of approximately 191 amino acids, synthesized and secreted from the anterior lope of 
thi: pituitary gland. Human growth hormone consists 0(191 amino acids. Growth 
hormone is a key hormone involved in the regulation of not only somatic growth, hut 
aLso in the regulation of metabolism of proteins, carbohydrates and lipids, (he major 
effect ol gmwth hormone is to promote growth, 'fhc organ systems airccicd by 
growth hi>rmone include the skeleton, connective tissue, muscles, and viscera such us 
liver, intestine, and kidneys. 



Studies conducted by a number of manufacturers of somalropin (r«:ombinant human 
growth hormone, rhGll) have demonstrated that rhCill is cflbctivc in increasing the 
20 fmal height ofsubjects with Turner .syndrome. Turner .syndrome has been regi.stered 

as an approved indication of somatropin therapy worldu-idc in most countries, 
including the United Stales, based on data that show an increase in grx>wib velocity 
and an improvement of final height. The cause of short .stature in Turner syndrome 
and in other subjects with SHOX defect with or without skeletal dysplasias (SIlOX 
25 disorder) is haploinsufficicncy of the SHOX gene. 

Surprisingly, it has now been found that brain natriuretic proteins can he used for the 
preparation of pharmaceutical compostions for the treatment of subjects being 
suspected of or actually having a genetic defect in the SHOX gene. The treatment 
JO compri.scs administering to such a subject a pharmaccutically active amt,uni of a brain 
natriuretic peptide (BNP). In a preferred embodiment of this method, the subject is a 
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human subject. Futhcr, it has been found that BNC>, especially human BNP. can be 
preferably used in combination with a growth hormone, cspeciafly with human 
growth hormone (hOlI) and/or in combination with a SHOX protein. 

The invention also provides an article of manufacture comprising packaging material 
and a pharmaceutical composition comprising a brain natriurclic peptide (BNP) 
contained within the packaging material. This pharmaceutical composition is 
therapeutically cnbclivc lor treatment of short stature due to a SIIOX gene disoixlcr. 
and the packaging material comprises a label which indicates that the brain natriuretic 
peptide (BNI») can be administered to a subject with a SIIOX gene disoidcr. In a 
prclerrcd embodiment of this article, the article ofmanufacturc comprises additionally 
a pharmaceutical composition comprising a growth hormone, especially huinan 
growth hormone. The growth hormone can be cither included in the same 
pharmaceuticai composition as the brain natriuretic peptide (BNP) or. allcmalivcly. 
can also be formulated in a separate pharmaceutical composition. The packaging 
material comprises a label which indicates that the brain natriuretic peptide (BNP) is 
eflcclivc in increasing growth velocity of subjects with a SHOX gene di.sordcr. 



BRIEF DESCRIPTION OF THE DRAWl W:.t8 



Figure 1: 

BNP expression after induction ofSHOX 

Figure I A: Semiquantitative RT-PCR with SHOX or BNP specific primers was 
jwformed on total RNA isolated from U20S-SI10X or U20S-S rM cells 48 hours 
after induction (ind) of protein expression and on RNA trom uninduccd control cells 
(unind). BNP is detectable only upon induction of the fiill k»gih SIIOX protein in the 
induced IJ20S-SI lOX cells. 

•%ure IB: (not shown) Total RNA was extracted lix)m the inducible cell line U20S- 
SIIOX which expressed SHOX at 0, 12, 24, 36, 48 and 72 hours or from uninduccd 
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U2().S control cells. Concenlration of BNP mRNA was determined by quantitative 
R T-PCR carried out in duplicate using GAPDH as a standard. BNP niRNA levels 
(diamonds) increased significantly with time compared to the uninduecd cells 
(squares). 

Figure 2: 

Klcctromobility Shift Assay (RMSA) ofthe proximal SHOX binding site HNP-600. 
Figure 2A: 10 ftnol of "P-radiolabellcd double-stranded oligonuclctUide containing 
the putative proximal binding site of SHOX was incubated with 0, 0.05. 0.5 and 5 \il 
purilicd SlIOX-OST (250 nM). Monomcric binding of SIIOX-CiS T could be 
observed with volumes of 0.05 and 0.5 jxl, an increase in SllOX-CiS |- concentration 
led to the formation of homeodimers. 

Competition: Incubation of 1 ^l of SHOX-GST with 10 fmol radiobbclled 
oligonucleotide and an increasing (0, 50 x, 150 x. 500 x and 1000 x) excess of 
unlabclled oligonucleotide rcsuhed in a decrease in signal intensity. 
Supcrshill: anti-SHOX antibody (AB) was added to the oligonuclcotidc-SIIOX-CtS r 
complex. An additional shia ofthe mononjeric SHOX-GST-Oligonuclcoiidc complex 
could be observed, which had not been seen in the controls, indicating the binding of 
the AB. 

M: monomeric binding; D: dimeric binding; SS: supcrshift. GS T: purified C5ST-tag 

alone; -: no protein extract added. 

Figure 2B: Sequence specificity of the binding. 

ro lest the .sequence .spccilicity of the SHOX DNA binding SI lOX-GST was 
incubated with oligonucleotides containing artificially introduced mutations in the 
putative SHOX binding site. Nucleotides differing from the wild type sequence (Wt) 
are highlighted in green (BNP-<iOOa. BNP-600b). As the number of mutated 
nucleotides increased, binding was strongly reduced (BNP-600a> or complciely 
disappeared (BNP-600b). 



Figure 3: 

lUectromobility Shift Assay (EMSA) ofthe distal SHOX binding site BNP- 1 220 
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Figure 3A: 10 ftnol of "l»-radioIabeUcd double stianded oligonucleotide conlaining 
Ihc putative distal binding site of SIIOX was incubated with 0, 0.05, 0.5 and 3 
purified SnOX-GST (250 nM). Monomcric binding of SHOX-OSl could be 
observed with volunnes of 0.05 and 0.5 ^I, an increase in SHOX-CS I" concentration 
5 led to the formation of homeodimcrs. 

Competition: Incubation of 1 ^1 of SI M with 10 fmol radiolabellcd oligonucleotide 
and an increasing (0, 50 x. 150 x and 1000 x) cxccs.s of unbbelled .>ligonuclcolide 
resulted in a decrease in signal intensity. 

Supershift: anti-SHOX antibody (AB) was added to the oligonucleolidc-SHOX-(»S r 
10 complex. An additional shift of the monomcric SI lOX-GST-OIigonuclcolidc complex 
could be observed, which was not seen in the controls, indicating the binding of the 
AB. 

M: monomcric binding; D: dimeric binding; SS: supershift. GST: purified CiS'l'-lag 
alone; -: no protein extract added. 
I S Figure 3B: Sequence specificity of the binding. 

To test the sequence specificity of the SIIOX DNA binding, SIIOX-CJST was 
incubated with oligonucleotides containing artificially introduced mutations in the 
putative SIIOX binding site. Nucleotides differing from the wild-lype sequence (Wt) 
arc highlighted in green (BNP-I220a, BNl>-1220b. BNP-1220c). A.s the number of 
mutated nucleotides increased, binding was strongly reduced (BNP- 1220a. BNP- 
1220b) or completely disappeared (BNP- 1220c). 

Figure 4: 

Figure 4A: Genomic locus of BNP. lixons are represented by blue bi»ccs. start and 
stop codon are indicated. Sequences of the putative SHOX binding sites (BNp.1220 
and BNP-600) are shown. 

Figure 4B; Reporter constructs for the activity analysis of the BNP regulatory 
region. Putative SHOX binding sites in the regulatory region of BNP arc indicated. 
The regulatory region was inserted in forward (BNP for) and reverse (BNP rev) 
orientation. The construct p3XG was generated by insertion of an experimentally 
determined SHOX binding site in front of the SV40 core promoter (Rao ct al., 2000). 



20 
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Figure 4Cr huciferase activity aAcr induction of S[IOX. Rep<»ricr constructs were 
transiently iransrcclcd into U20s-SllOX or .U20S-S rM cells and lucilbrasc activity 
was determined after 48 hours of SHOX or SHOX-S TM induction. With BNP for a 
lO-lbId increase was observed upon induction compared to uninducud control cells. 
BNP rev revealed an 8-fold and p3XG a 2-fold increase of lucifcrasc activity. No 
significant changes in lucifcrasc activity were obtained for the negative control vector 
pC'iL.! promoter. All experimenls were performed in triplicate. The bars represent the 
mean values of two independent experiments. 
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10 DETAILED DESCRiFTION 

Patients with haploinsufliciency of the SHOX gene present short stature. I bis patient 
group consists of Turner, Leri- Weill and Unger .syndrome patients and patients with 
idiopathic short stature (Rappold and Blaschkc, 2000). U was found that 2.4% of 

15 patients with idiopathic short stature present a SIlOX gene defect (Rappold ct ol. 

2002) which would imply a population prevalence of at least I in 2000 children. The 
prevalence of Turner .«!yndrome us I in 2500 girls or I in 5000 children (Rofwinfeld el 
al, 19%), I"emales with Turner syndrome are frequently treated with growth 
hormone, despite the absence of growth hormone deficiency. C'linical .studies have 

0 demonstrated that recombinant human growth hormone is effective and generally safe 
in increasing the final height in children with Turner syndrome (C'arel et al, 1998; 
Roscnfeld ct al. 1998; Sas et al, 1999). As growth hormone is elTcctive in the 
treatment of idiopathic short stature and Turner syndrome, it has been hypothesized 
that it may also improve the growth rate and final height in children with a SIlOX 

S delect without Turner syndrome (Rao ct al, 1 997). 

Despite this progress, the development of more specific and clTective concepts for 
growth therapy on growth failures based on the SHOX gene is needed (Rao et al, 
1997), One route in the search lor a specific therapy based on the primary SHOX 
» genetic defect is the identification ofdownstream targets. By mieroarray analysis and 

quantitative R T-PCR of in viiro and in vivo cell culture systems using a tetmcycline 
inducahlc SHOX wildtype and a C-terminally mutated coastrucl, the present 
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inventors were able to show that ovcrexpression ofSlIOX leads to an impressive 
upregulation ofBNP. It could abo be demonstrated, using DNA binding and F.MSA 
assays with wildlypc and artifically mutated SHOX DNA binding sites, thai (he 
SIIOX protein binds to two cis-acling elements in the 5'flanking region ol lJNP and 
induces the expression of BNP in cultured cells. BNP while mainly .secreted by 
cardiac ventricle myocytes has been recently shovm to be also sccrciod in high 
amounts in bone marrow stromal cells where the maximum expression orsHOX has- 
been previously described (Bordenave el al, 2002). 

Natriuretic peptides represent key regulators of natriuresis and vasodilation. Up to 
now. four ligands (ANP, BNP, CNP and DNP and three receptors (CJC-A. (JC-B and 
Clearance receptor) have been described (Dhingra et ai. 2002). The natriuretic 
peptides are .structurally similar, but genetically di.stincl peptides that have diverse 
actions on cardiovajscular. renal and endocrine homeo.stasis. Atrial nairiuivlic peptide 
(ANP) and brain natriuretic peptide (BNP) are cardiac (endocrine) homioncs of 
myocardial cell origin predonunantly produced by the alrium and ventricle, 
respectively and regulate blood pressure and body fluid volume. C NP (cardiac 
natriuretic peptide) is principally a paracrine factor in the brain and periphery. ANP 
and BNP bind to the natriuretic peptide receptor (NPR-A) which, via .1' S'-cj'clic 
guanosinc monophosphate (cGMP), mediates natriuresis, vasodialation and renin 
inhibition. CNP lacks natriuretic action but also possesses va.sodllating and growth 
inhibiting effects via ihc guanyl cyclase linked natriuretic peptidc-B (NPR-B) 
receptor. All three peptides arc cleared by natriuretic pcptide-C receptor (NPR-C) 
and degraded by neutral endopeptidasc. Recently, a fourth member of the natriuretic 
peptide, dcndroaspsis natriuretic peptide (DNP) has been reported to be present in 
human plasma and atrial myocardium. 

Over the last decade, brain natriuretic peptide (BNP) emerged as a cardiac hormone 
of coasiderabic clinical interest in diagnosis, prognosis and treatment of patients with 
heart failure, hypertension and other cardiac disease (Burger and Burger. 2001; 
Bcttcncouri, 2002). The diagnostic potential of BNP is now well established bi>ih in 
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patients with suspected heart failure as well as in patients with asymptomatic left 
ventricular systolic dysfunction. The prognostic information obtained fit)m BNP 
levels in heart failure and acute myocardial infarction patients seems even more 
promising. Nesiriltdc (Natrccor" manufactured by Scios, Inc) is a synthetic peptide, 
homologous to endogenous BNP. It is a balanced vasodilator with diuretic and 
natriuretic properties. It decreases the elevated Icvek of neurohormones resulting 
from activation of the sympathetic and rcnin-aldosleronc systems in heart lailurc. in 
clinical trials involving more than 2000 patients with heart failure ncsiritidc has been 
shown to produce a potent, dose-related vasodilator effect. The safety prolile has 
been excellent with a dose-dependent hypoteasion as the maj»>r side crtecl 
(Bettcncourt, 2002). 



Surprisingly, the present inventors have found that an increase of SI lOX expression 
leads lo an upregulation of BNP expression. Haploinsufficicncy in SllOX deficient 
IS patients consequently should lead to a downregulaiion of BNP expression. Mice 
ovcrcxpressing BNP do not only pre.<8ent a skeletal overgrowth and kyphosis but also 
.show a reduction in blood pressure (hypotonia) and pn:.senl defects in the 
cardiovjuscular and renal physiology (Suda el al, 1998). Interestingly, females with 
'l umer .syndrome present for some of the observed clinical features the 'opposite 

20 phcnotypc' such as .short stature and scoliosis, an increase in blood pras.sure 
(hypertonia) and further heart and renal abnormalities. The present results mdicatc 
that BNP represents a target of SHOX. Brain natriuretic peptides (BNP) and 
derivatives thereof are thus useful for the treatment of SHOX deiicieni children. 
Brain natriuretic peptides (BNP) arc able to compensate grov^h failure in a more 

25 direct and .specific way than growth hormone. Kspecially, brain natriuretic peptides 

(BNP) arc useful to improve the grov^^h rate and/or the final height in .subjects with a 
SI lOX defect, especially to increase the final height in children with or without 
Turner .syndrome. 



30 



As used herein, a "subject having a SI lOX gene disorder" is defined a.s a subject with 
a mutation which reduces expression or activity of a product (eg.. mRNA or 
polypeptide or an activity of a polypeptide, such as a binding activity) encoded by the 
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Short Sialurc I Jomeobox-containing (SIIOX) gene on at least one chromosome of 
the subject, which gene in the hunian genome is located in the pseudoauiosomal 
region (PARI) on the short arm of the X chromosome (Xp22.3) and Y chromosome 
( Ypl 1 .3). Methods for screening for SHOX gene defects are described, for instance. 
5 in published PC r application WO 98/14568. The mutation may comprise a deletion 

or other mutation of all or any pari of the SHOX gene, as identified by DNA analysis 
or other appropriate molecular technique, or a mutation elsewhere in the genome of 
the subject which nevertheless reduces expression and/or activity of a SHOX gene 
product. Subjects with SHOX disorder include those with and whhout Lcri-Wcill 
10 syndrome. 

Subjects with Turner syndrome arc defined as follows: I'emales whose karyotype 
conlaias a documented abnormality of the X chromosome involving the short arm 
(for exampte, 45,X; 46,X,Xp.; 46X.i|Xq]). Female subjects with a partial delcllon of 
15 ihc short arm of the X-chromosomc are not defined ais having furner syndrome, if 
the deletion is located distal to the gene for ocular albinism (OAl) at the junction 
between Xp22.2 and Xp22.3. Instead, they arc defined as having SI lOX disorder. 



In addition, a subject having a "SHOX gene disorder" as defined herein also has an 
abnormally short stature, according to standard measures known in the art, such as 
may be observed in subjects with growth hormone deficiency. However, .subjects 
having a SHOX gene disorder arc not growth hormone deficient by standanis known 
in the art. For instance, a subject with a SHOX gene disorder has a peak growth 
hormone level greater than 7 ng/ml. or 14 mU/I,. For troatmeni- a subject with a 
SI rOX gene disorder is considered to have abnomially short stature if the .subject has 
* rtf^fonological age of at least 3 years, bone age of less than 10 years for boys and 
less than 8 years for girls, and height below the 3id percentile or height below the 
TOth percentile and growth velocity below the 25th percentile, for an appropriate 
age^d-.sex-matched 'nonnar reference population based upon local standards. For 
^ CJtcmplaiy study, .subjects with a SHOX disorder al.so arc prepubertal (for girLs, 
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Tanner slagc I wilh respect lo breast development; For boys. Tanner stage 1 with 
respect to genital development and testicular volume ofno more lhan 2 ml). 

In the present context "brain natriuretic peptide (BNP)" may be any natriuretic 
peptide knounn from prior art and from any origin, such as avian, bovine, human or 
porcine natriuretic peptide, human brain natriuretic peptide being most prclerrcd. The 
BNP used in accordance with the invenlion may be native brain nalriurclie pcpiide 
isolated from a natural source, or a growth hormone produced by recombinant 
icchniqucs. The BNP may also be a truncated form of the native brain natriuretic 
peptide wherein one or more amino acid residues has (have) been deleted: an 
analogue thereof wherein one or more amino acid residues in the native molecule has 
(have) been substituted by another amino acid residue, preferably a natural amino 
acid residue, as long as the substitution does not have any adverse effect such as 
antigenicity or reduced action; or a derivative thereof, e.g having an or C*-lerminal 
extension such as Mct-BNP. The preferred brain nalriureiie peptide is human brain 
natriuretic peptide. 

The term "dose" of BNP refers lo that amount that provides therapeutic eflbcl in an 
administration regimen. The BNP is formulated for administering a dose elToctivc lor 
increasing growth rate or final height of a subject having a SHOX gene disorder, for 
instance, a dose similar and known lo one effective dose also in the treatment of 
cardiovascular diseases. 



In the context of the present invention, the term "growth hormone" may be growth 
hormone from any origin such as avian, bovine, equine, human, bovine, porcine, 
salmon, trout or tuna growth hofmwrc, preferably bovine, human or porcine growth 
hormone, human growth hormone being most preferred. The growth hormone usetl 
in accordance with the invention may bfc native growth hormone isolated from a 
natural source, e.g. by extracting pituitary gtends in a conventional manner, or a 
growth hormone produced by recombinant techniques, e.g as described in I'.. B, 
Jensen and S. Carlsen in Biotech and Bioeng. 36, UN (1990). The "gr«v^th 
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hormone" may also be a truncated form of growth hormone wherein one or more 
amino aeid residues has (have) been deleted; an analogue therc«>r wherein one or 
more amino acid residues in the native molecule has (have) been subsiiiuted by 
another amino acid residue, preferably a natural amino acid residue, as long as the 
substitution does not have any adverse effect such as antigenicity or reduced action; 
or a derivative thereof, c.g having an N- or C-terminal extension such as Met-hGll. 
The preferred growth hormone is hOIL 



In general, BNP can be administered any feasible administration route, such as 
Ibrmulatioas for parenteral administration. Such parenteral formulatioas are prepared 
containing amounts of BNP known from prior art, for example, in the range of about 
a.l mg/ml - 40 mg/ml, preferably from about I mg/ml to about 25 mg/ml, or to 
about 5 mg/ml, calculated on the ready-to-usc formulation. For use oi" these 
compositions in administration to human beings suflFcring from SHOX disorder, for 
example, these formulations contain from about 0.1 mg/ml to about 10 mg/ml, 
corresponding to the currently contemplated dosage regimen for ihe intended 
treatment. I hc concentration range may be varied by the physician supervising the 
administration. 



20 A BNP can typically be adnrinlslered parcntcrally. preferably by subcutaneous 
injection, hy methods and in formulations well known in the art. A BNP can he 
Ibrmulalcd with typical bulTers and excipients employed in the an to stabilt»: and 
.solubilivx; proteins for parenteral administration. 

25 With respect to the growth protein, the similar administration route or formulations 
ns mentioned before for BNP can be used. Appropriate formulations arc described, 
for example, in US 5.612,315, disclo.sing pharmaceutical growth hormone 
formuIation.s. and US 5,851.992. dLsclosing human growth hormone formulations 
which may be used to treat a patient with a disorder associated with growth hormone 

30 . deficiency. 
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Art rucogmVxzd pharmaceutical carriers and their formutatioiis are described in Martin, 
"Remington's Pharmaceutical Sciences." 15th Rd.; Mack Publishing Co., l<:a«aon (1975). 
A BNP, growth hormone or SHOX protein can also be delivered via ihc lungs, 
mouth, nose, by suppositoiy, or by oral formulations, using methods known in the 
art. 

BNP, the growth protein or vSHOX protein can be administered regularly (e.g.. once 
or more each day or week), intermittently (e.g., irregularly during a day or week), or 
cyclically (c.g., regularly for a period of days or weeks followed by a period without 
administration). Preferably the aforementioned proteins are administered once daily 
for at least about one year, more preferably at least about three years, and most 
preferably for at least about six or .seven years. 

The present invention also encompasses articles of manutacturc comprising packaging 
material and a pharmaceutical composition comprising a BNP contained within the 
packaging material. This pharmaceutical composition is therapeutically ciTcciive for 
treatment of .short .stature due to a SHOX gene disorder, and the packaging material 
comprises a label which indicates that the BNP, possibly in combination with a 
growth protein or a SFIOX protein, can be administered to a subject with a .SIIOX 
gene disorder. 

l or instance, an article of manufacture of this invention may comprise a kit including 
phanmaceutical compo.sitions to be used in the methods of the present inventiim.The kit 
can contain a container, such a.s a vial or cartridge for an injectfon pen, which contaias a 
formulation of BNP, growth hormone or SHOX protein and suitable carriens, either dried 
or in lu|uid fona The kit further includes instructions in the foim of a label on the vial or 
cartridge and/or in the form of an iascrt included in a box in which the vial or cartridge Is 
packaged, for the use smd administration of BNP. the growth hormone or SI lOX protein 
composition. The instructions can also be primed on the box in which the vial or cartridge 
Is packaged. The instructions contain information such as .sufficient dosage and 
administration information so as to allow a worker in the field or a human .subject to 



+49 - 622 i|.473Sa6 

-JZw . 

administer Ihc drug, as is customary in most bcales. 

The example which follows arc illustrative of the invention and ore not intended to be 
limiting. 

EXAMPLES 

Example I 

Overexpression of SHOX leads to an upregulation of BNP 

To identily putative SHOX target genes, an inducible cell culture model was used 
consisting ol'two stably transfected osteosarcoma lj20s cell lines, U20s-SIK>X and 
lJ2()s-S rM (Rao et aU 2001). Upon tciracyclinc induction lJ2()s-Sn()X expresses 
the full-length wildtype SlIOX protein while lJ20s-STM expresses a C*-terminally 
truncated mutant, SIIOX-STM (Rao ct al. 2001). RNA from both cell lines was 
harvested aller 12 and after 24 hours of SHOX induction and used to hybridize the 
Aflymcirix Human cDNA (Hu95A) microarrays. These arrays allowed the 
interrogation of 1 2 000 RTvIAs from 8900 different human genes. 

The maximum induction of expression above a threshold of 10 after 12 hours of 
SHOX induction was only detected lor a single gene. An upregulation of 13.6 fold 
was seen in the mRNA level ofthe brain natriuretic protein (BNP) gene (Scilhamer ct 
al, 1989; accession number M31776) which Rirther increased to 17.1 fold after 24 
hours of SHOX expression. This increase in BNP mRNA was not detectable in the 
mutant which presented a -2.5 fold change after 12 hours and a M fold change after 
24 hours. The differential expression of BNP was confirmed by semiquantitative and 
quantitative RT-PCR using RNA from a different preparation. The RT-PCR result 
corresponded very well with the microarray data, demonstrating that BNP levels 
were increased after induction of SHOX protein cxprassion, but noi upon expression 
ofthe SHOX-STM which lacks transactivating properties (l»igurc I A). In a time 
course experiment, RNA after 0, 12, 24, 36. 48 and 72 hours of SHOX induction 
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was analyzed Ibr BNP expression by quantitative RT-PCR. These c.xpcrimenis 
confifmed a significant increase of BNP expression after only 24 hours (Figure IB). 
These results strongly suggest that the uprcgulatton in BNP mRN A is spccincally due 
to ihe transaclivating properties of SI IOX. Furthermore, the relatively rapid response 
of BNP after SHOX induction points to the possibility of BNP being a direct target 
of SIIOX. 



Kxanaoic 2 

The SHOX protein binds to cis acting elements in the regulatory region of BNP 

Paired-related homeodomain proteins including SIIOX preferentially hind to a 
palindromic seq^ence TAAT(N)„ATTA, where two palindromic TAAT sequences 
are separated by two to four less significant nucleotides (N) (Wilson et al., 1993). 
This has also experimentally been demonstrated to hold true for SHOX (Rao et al. 
2001). Interestingly, two of those palindromic .sequences arc present in the 5'flanking 
regulatory region of the BNP gene (accession number I).I664l). ITic prtiximal one, 
l AATCJAATTCJ. is 600 nucleotides upstream of the mRNA, furiher relerred lo as 
BNI'-60(>, and the distal one, TAAIOATA^XEd, is -1220 nucleotides up.stream 
further referred to as BNP-1220. To demonstmle .specific yi,ro interaction of 
SHOX CO these DNA sequences, we have performed cleclromobility shift assays 
(I-MSA) with BNP-600 and BNP.1220 specific oligonucleotides, lilectromobility 
shirts were observed at low protein concentration of 0,5 for both predicted 
binding .sites, with a slightly higher affinity towards BNP-1220 a.s compared to BNP- 
600. Rise of the SHOX concentration to 0.5 and 3 mM led to the formation of 
homodimeric complexes. Again, a preference of the SHOX protein for BNP-1220 
was ob.servcd which resulted in a dimeric complex at lower concentrations compared 
to BNP.600. In competition experiments no diJTerencc between the uvo .sequences 
BNP-600 and BNP-1220 was detected; for both DNAs a minimum of 500-fold 
excess of cold oligonucleotide was necessary to completely inhibit the binding of 
SHOX. In supcrshift experiments a supcrshift of the signal xvas generated only in the 
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presence of both SHOX and rabbil anti-human SHOX-3 antibody (AB) (1-igurcs 2A 
and 3A). Furthermore, substitution of two nucleotides within Ihc palindromic 
sequence almost completely aboli.she4 SHOX binding. Replacement of five 
nucleotides in the palindromic sequence led to an entire loss of SHOX binding, 
indicating the sequence specificity of this prolein-DNA interaction, rhcse data 
strongly support the existence of (at least) two binding sites recognized by the SIlOX 
protein in the regulatory region of BNP. BNP therefore is a dfrec! target for the 
transcription factor SHOX. 



Example 3 

The SHOX protein induces the expression of BNP in cultured cells 

'I o verity the binding of the SHOX protein to its putative responsive elements BNP- 
600 and BNP-I200 consequently activating BNP expression in vivtK reporter 
plasroids were generated containing the 5' flanking region of the BNP gene in 
forward and reverse orientation. As shown in Figure 4, transient transfcction of 
U20S-SII0X cells with the BNP-for construct revealed a lO-fold increase in 
lucifcrase activity after expression of the SHOX protein for 48 hours. The increase in 
the reporter protein was lower compared to the BNP mRNA levels alter SHOX 
induction as previously determined in time course experiments, fhis is probably 
partly due to the leakage of the TET - SV40 core promoter system resulting in 
relatively high background levels of reporter protein expression. An 8- fold increase 
of lucifcrase activity was also observed in BNP-rev, indicating that the SHOX 
responsive elements do not show orientation specificity. The approximately 4-to 5- 
foid higher level of inductbn with the BNP- for and -rev compared to the p3X0 (a 
previously experimentally determined SHOX binding site) suggests a potentiation of 
Xhc transactivating eflfect by the interaction of SHOX with other factws. No increase 
ir lucifcrase activity was obtained when the same constructs were tnmsfcctcd into 
vi20s-STM confirming that induction of the reporter protein expression depends on 
SHOX transactivating activity. The specific BNP upreguiation upon the induction of 
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the JulUcnglh SHOX but not of the C-tcrminally truncated SHOX dciTU>n.stratcs 
SIIOX as a transcriptional activator of BNP expression in U20s cells. 



5 Example 4 

Materials and Sunnlics 

Cells and media 

Ciencration of the human T-Rex IJ20S osteosarcoma cell line (R712-07; Invitmgen) 
0 siably Iransfccted with the gene for the wild type or a C-ierminally truncated SI lOX 
protein in a tetracycline inducible system (ST or STM respectively) hns heen 
described previously (Rao et al., 2001). Cells were cultured in DMl-.M containing 
glucose at 4,5 g/l under selection with hygromycin (10 fig/ml) and woxin (100 
Ug/ml) at ST'C with 5% COj. Induction of SHOX or SHOX-STM expression was 
► obtained by addition of the tetracycline analogous doxycyclinc (4 jig/ml). 

Jixcherichia coli was cultured in !,B medium containing 5 g/l yca.si extract. 10 g/l 
iryptonc and 5 g/l NaCI at 37°C with aeration. Straias harboring pkumids for 
exprcs.sion of GST fusion proteins were kept under selection with 100 ng/ml 
AmpicilHn. To induce expression of recombinant proteins lsopropyl-|J-lJ- 
thiogalactoside (IPTO) was added to a final concentration of 1 nM. 



lixpre-s sion and purification of GST fusion proteins 

E. coli harboring pGlvX constructs containing the gene for a N-tcrminal GST- 
SHOX-STM fusion protein (SHOX aminoacid portions 1-194. further refern:d to as 
SHOX-GS'D or the empty vector were grown at 28''C to an optical density of 0.5 at 
600 nm. (lene expression was then induced tor 5 hours. Cells were harvested by 
centrifugal ion at 4500 g for 10 min, washed once with icccoU Nl-TN buffer (20 mM 
Tris/llCl pi I 8.0, 100 mM NaCL J jpM UDTA. 0.5% NP-40) and re.su.spended in 
1/50 volume NKTN buflbr. Alter 4 rounds of sonication with a .sonicator™ cell 
disruplor (Heat Systems-Ultrasonics Inc.) for 5 min insoluble proteins were pelleted 
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by spinning the disrupted bacteria for 30 min al 13 000 rpm ai 4''C' in an Ilcraeus 
bcnchtop micrDcemrifiige. To allow binding of the GST llisian protein, the 
supernatant wa«5 incubated for 20 min at room temperature with 1/20 Cilutathionc 
Scpharoso beads suspended in NI-TN buffer. After collecting ihe beads by 
5 centrifugalion for T 0 s at 6000 rpm in an Fppcndorf benchtop microcentrifuge fusion 

proteins were elutcd with one bead vohimc of 10 mM reduced glutathione in 50 mM 
Tris/r iC:i pU 8.0 and validated for integrity and purity by SDS PAGF- analysis on a 
10% poiyacrylamide gel. Concentration of the protein solution was determined with 
thc.|»icrce BCA* Protein Assay according to the manufecturcrs in,structions and 
10 siunpfcs were .stored in aliquots at -80*C. 

AffiarettLx Hu 95A GeneChip HyhriHisatiop 

The f Iu95A GeneChip (Santa Clara, CA, USA) contains more than 12 000 probe sets 
corresponding to 8900 specific human genes (UniGcne Build 139). Total RNA for 
$ the hybridization was isolated from human U20S cells cxpres.sine either SIIOX or 

STM. Cells were grown in 145 mm tissue culture dishes and gene expression wa.s 
induced at 30% confluence for 12 or 24 hours. As a negative control uninduced cells 
were also harvested at corresponding time points. After RNA preparation using the 
Qiagcn RNcasy* Midi Kit the RNA was quantified, and validated for imegritv bv gel 
) electrophoresis. Induction of the SHOX/ STM gene expression was verified by lirsl 
.strand cDNA .synthesis using the Supen^cript'^ Tirsl-Strand Synthesis Sy.stem for 
RT-PCR from GibcoBRi * according to the manufacturx^r^s pn>iocol and 
.semiquantitative RT-PC^R. Target .synthesis, hybridization of the samples to the 
I IU95A GcneChips, post hybridization staining, scanning of the stained chips and 
processing of the data files using the MAS 4.0 and MAS 5.0 ^H,rt^vare were 
performed at the R7.PD in Berlin. 

Real time polymerase chain »»gofi.p.n 

For quantitative real time (RT)-PCR analysis RNA extracted lh.m cells was rcvcr.sc 
transcribed as described before. The resulting first strand cDNA was u.sed as template 
in PCR reactioas. Primers for PCR were selected using the Primer3 .s,»«ware and 
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checked for .specilicity by NCBI BLAST of the human genome. In addition to 
meUing curve analysis, the resuhtng PGR products were analysed for specificity on 
agarose gels. The following primer pairs were used in PCR experiments: Ci APDI I: 
ACCACAGTCCATGCCATCAC. TCCACCACCCTGTTGCTGl A; SIlOX: 
AlCJGAAGACiCIC^ACGOCnTTGTATCCGAAGAGJCCiC'TCCiACiCTCGTrC; 
BNP: ITCTrGCATCTGGCriTCCI , ACCGTCiGAAA'ITT TG fGC rc*. 

Quantitative PCRs were performed with Ihc LightCyclcr - lastStarl DNA Master 
SYBR green I Kit (Roche Diagnostics GMBH, Mannheim. Germany), PCR 
conditions as follows: Dcnaturation of DMA and activation of the polymerase at 94 
°C' for 10 min; 45 cycles of a touch down PCR with 15 s dcnaturation at 94 "C, 10 s 
annealing at 65 "C with a decrease of I °C per cycle to a llnal annealing temperature 
of 60 "C:, elongation at 72 "C. for 30 s. Hxpression of genes was analyzed on the 
I.ightCycler from Roche Molecuku* Systems with the LightCycler SoAware 3.5. I'or 
normalii^ion we used the expression of the houscHeeping gene GAPDl I. 

lilectromobilitv Shift Assav f EMSAI 

To create double stranded DNA for mobility shift assays two complementary 
oligonucleotides were annealed, generating 5' overhangs on each side to permit 
radiolabelling using the Taq polymerase. The following oligonucleotides were used in 
the shift experiments (only the forward strand of the probes are given, putative 
binding site in bold, mutagenized nucleotides underlined): 
13NP-I220WI: 

rAATC:ACCA(iGCCACCrGCTAATGATAAlTAOATCATGGCirGGrCAGATCi 
BNP-I220a: 

TAAICAC'CAGGCCACCTGCTACTGATAACTAGATCATGGGTGCrrC'AGATG 
BNP-I220b: 

CiCK.rCA('CAG(}CC:ACCrGCTGATGATAGTTAGATCAT(JGC}TGCi I CAGAl G 
BNP- 1220c: 

CiGGTCACCAGGCC'ACCTGCT££eGATA£CTAGATrATGC'.GTGCJTCAGA IG 
BNP-600Wt: 
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•II CC.T(]CrrCATACCCAGCKrn-|TAAT(MATTGCCACTGGCKiAA TC:^^^ 
HNI'-60()a: 

CJ(i(.iTTC:CTC;GT('ATACCCAGGCTT1T£ATGAAT<;GCC'A('TCKKK',^ 
GCAT: 

BNP-60()b: 

GCJCriTCC TGG rCATACCCAGGCTTlTGGGCAACKGCC^^ 
GCAT. 

Ciel Shift reactions contained 15 mM Mepcs pi I 7.5, 150 mM NaCL 1 mM KD I'A. 
0.5 mM DTl\ 0.05% NP-40, 7.5% glycerol, 0.25 mg/ml bovine .scrum albumin. 1,5 
pt>ly(dl-dC) and the appropriate ^P-labellcd probe. AAer addition of protein 
extract ihc -samples were incubated for 10 min at room temperature. Separation was 
performed on a 5% nondenaturing poly'acrylamidc gel with 0.25x TBFi ai 12 V/cm at 
room temperature for 50 min. Gels were then dried and expossed overnight ai RO^C. 
All gel shifts were perlbrmed wKh bacterially expressed and purilied SMOX-GS'I' 
which has previously been shown to have DNA-binding properties identical to the 
eukarioticafly expressed SUOX protein (Rao et al. 2001). In competition 
experiments, varying amounts of unlabellcd competitor DNA were added to the 
.samples prececding addition of protein extracts. In supershift experiments, 3 fig of 
anti-human SIIOX-3-specific antibody were applied to the .samples and preincubated 
for 15 min on ice prior .separation for 2 h at 12 V/cm and S'C. 
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CLAIMS 

1 . Use ol brdin natriurelic peptide (BNP) for ihc preparalion o rpharmaeeulical 
tomposilions Tor the treatment ofshort stature in a subject being suspected oC 
having a genetic defect in the human growth gene SHOX. 

2. Use oFbrain natriuretic pcpUde (BNP) and a growth protein lor the preparation 
or pharmaceutical compositions for the treatment ol'short stature in a subject 
being suspected of having a genetic defect in the human growth gene SIIOX. 

3. Use acatrdii^ to claim 2, wherein said subject is a human subject and said 
growth hormone is human growth hormone. 

4. Use ofbrain natriuretic peptide (BNP) and a SHOX protein Ihr (he preparation 
of pharmaceutical compositions for the treatment oJ" short stature in a subject 
being suspected of having a genetic defect in the human growth gene SHOX. 

5. Use according to claim 4 wherein said SHOX protein Is SI lOX A protein or 
SIIOX B protein. 

6. Use according to claims 1 - 5 tor the preparalion of phaimaceuiical 
compositions for stimulating or increasing human growth. 

7. I J.se according to claims 1 - 6 for the preparalion of pharmaceutical 
compositions for the treatment of patients with idiopathic short stature, patients 
with Turner syndrome or patients with l.eri-Weill syndrome. 
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8. I !sc ol brain natriuretic peptide (BNP) and a SHOX protein tor the preparation 
or pharmaceutical compo^silions for the treatmcnl of palienls with cardiovascular 
diseases. 



9. Use according to claim 8 wherein the patients are suspecled ol having a genetic 
defect in the human growth gene SIIOX. 

10. Use according to claim 9 for the preparation of medicaments for the Ireatrhent of 
patients with idiopathic short stature, patients with fumer s>'ndrome or patients 
with I^cri- Weill syndrome. 

1 1. Use according to any of claims I - 10 wherein the brain natriuretic peptide is 
nesiritide. 

12. An article of manufacture comprising packaging material and a pharmaceutical 
composition comprising a brain natriuretic peptide (BNP) contained within said 
packaging material, wherein said pharmaceutical composition is thcrapeulically 
effective for treatment of short stature due to a SI fOX gene disorder, and 
wherein said packaging material comprises a label which indicates that said brain 
natriuretic peptide (BNP) can be administered to a subject with a SI lOX gene 
disorder. 



1 3. I he article of manufacture of claim 12 further comprising a pharmaceutical 
composition comprising a growth hormone. 

14. fhe article of manufacture of claim 1 3 wherein the growth hormone is human 
growth hornxme. 

15. I'he article of manufacture of claim 12-14 further comprising a phiumaceutical 
composition comprising a SHOX protein. 
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16. An article of manufdcturc comprising packaging material and a pharmaceutical 
composilion comprising a brain natriuretic peptide (BNP) and a pharmaceutical 
conipositton of a SHOX protein contained within said packaging material, 
wherein said pharmaceutical composition is therapeutically cfteclive for 
treatment of cardiovascular diseases, and wherein said packaging material 
comprises a label which indicates that said brain natriuretic peptide (BNP) is 
effective in treatment of subjects with a SHOX gene disorder. 



17. Use of a brain natriuretic peptide (BNP) according to claims 1 • 7 and 9 - I K 
said patients being identified of having a genetic defect in the human growth 
gene SI [OX using a nucleic acid molecule capable of hybridizing to the SHOX 
gene. 
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ABSTRACT 



5 The invention relates to the use of brain natriurelic peptides (UNP) for the 

preparation of pharmaceutical compositions for the treatmcni of short stature in a 
subject being suspected of having a genetic defect in Ihe human grovvtli gene SIfOX. 
Further, the invention relates to use of brain natriuretic peptides (RNP) in 
combination with a growth protein and/or a SHOX pmtein for the preparation of 
10 pharmaceutical compositions for the treatment of patients having a SHOX gene 

disorder. The invention also relates to the use of brain natriuretic peptides (BNP) in 
combination with a SIlOX protein for the preparation of pharmaceutical 
compositions for the treatment of patients with cardiovascular diseases. 
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The invention also comprises an article of manufacture comprising packaging 
material and a pharmaceutical composition comprising brain natriuretic peptides 
(BNP). 
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